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Description 


FIELD 

[0001] This present disclosure generally relates to op- 
tical instrumentation and more particularly to optical in- 
strumentation for measuring of optical disturbances in an 
air flow field. 


BACKGROUND 


[0002] As aircraft fly at subsonic, transonic or super- 
sonic speeds, aero-optical disturbances in the air flow 
field surrounding the aircraft are created by surfaces of 
the aircraft moving through the air. These aero-optical 
disturbances will vary for each shape of an aircraft and 
as the aircraft changes speed, altitude and operational 
maneuvers. At higher speeds, such as supersonic, aero- 
optical disturbances in the air flow field surrounding the 
aircraft will include not only wavefront disturbances but 
also shock boundaries. These aero-optical disturbances 
created in the air flow field will affect the performance 
and/or accuracy of optical instrumentation which are car- 
ried by the aircraft and are used to receive optical data 
and/or emit optical energy. 

The problems created bythese aero-optical disturbances 
include tracking accuracy of optical trackers, blurred im- 
age quality of surveillance sensors, imprecise pointing 
of laser systems and reduced beam quality of laser en- 
ergy propagated through the aero flow field containing 
the aero-optical disturbances. Gathering accurate spatial 
and temporal data of these aero-optical disturbances 
from the flow field of the aircraft will enable the design of 
high performance and accurate optical equipment such 
as optical trackers, optical imaging, laser radar, precise 
aiming equipment for lasers and laser weapon systems. 
With accurate measured data ofthese disturbances from 
the air flow field design criteria can be implemented into 
these devices to compensate for the optical deviations 
created by these aero-optical disturbances. 

[0003] There is a need to be able to measure and col- 
lect aero-optical disturbance data for each different 
shape of air craft. Moreover, since the aero-optical dis- 
turbances change for various speeds, altitudes and 
maneuver configurations ofthe aircraft, the data will need 
to be compiled for changes in these parameters as well. 
Thus, to obtain reliable modeling data for a particular 
aircraft, measurements of the aero-optical disturbances 
would best be acquired through appropriate equipment 
for measuring and collecting such aero-optical data to be 
secured to the aircraft with the aircraft flown through 
these variations of parameters of speed, altitude and 
while conducting various maneuvers. 

[0004] The aero-optical disturbances to be measured 
and collected for various aircraft, could include subsonic, 
transonic and supersonic speeds up to at least Mach 2. 
The measurements of the aero-optical disturbances are 
needed for the aircraft operating in an altitude envelope 
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ranging from sea level to seventy-five thousand feet. Ad- 
ditionally, the measurements of the aero-optical distur- 
bances will be needed from the aircraft conducting vari- 
ous maneuvers which impart as much as 3g of force on 
the aircraft. All of this data will need to be accurately 
measured in order to provide reliable modeling for each 
aircraft that will eventually carry optical equipment, as 
discussed above. 

[0005] Inthe past, aero-optic measurements had been 
obtained by using wind tunnels or by using large aircraft 
in flight to create the air flow fields. The use of wind tun- 
nels to replicate the high speeds of a particular aircraft, 
and more particularly, supersonic speeds greater than 
Mach 1 presented complications. In particular, shock 
waves impacting a wall of the tunnel disrupt the replica- 
tion and therefore fidelity of an aero-optical disturbance 
that would normally occur in open ambient air flow field 
flight. Because measurement equipment for aero-optical 
disturbances are generally large and complex equip- 
ment, larger aircraft have been needed to carry the equip- 
ment. The use of larger aircraft also presented an addi- 
tional problem with their limited speed ranges. With the 
limited speed of these larger aircraft, measuring aero- 
optical disturbances at higher rates of speed were limited 
if not completely prevented. Moreover, the large complex 
instrumentation for measuring the aero-optic disturbanc- 
esrestricted the positioning orlocation of such equipment 
on the aircraft, thereby limiting the collection of data of 
air flow field disturbances to the limited positions on the 
aircraft to accommodate the large complex equipment. 

[0006] In order to measure and compile the needed 
data regarding the aero-optic disturbances to provide 
modeling design criteria for optical instrumentation, 
measuring instrumentation needs to be developed that 
is compact. Compact measuring instrumentation can be 
secured to smaller aircraft such as fighter aircraft that 
can travel at a wide range of speeds from subsonic to 
supersonic. Also, a compact configuration will enable the 
measuring equipment to be secured to numerous differ- 
ent positions on the aircraft. This will enable measure- 
ments to be made from positions which would replicate 
the positions in which optical instrumentation may be lat- 
er positioned. The compact size will also help to prevent 
creating unwanted aerodynamic imbalance of the air- 
craft. 

[0007] A compact configuration of the measuring in- 
strumentation will facilitate the measuring and collection 
of disturbance data for many different aircraft that will 
need to travel through a wide range of speeds and alti- 
tudes as well as with moving through various maneuvers. 
The compact configuration of the measuring equipment 
will provide the needed spatial and temporal data of the 
aero-optical disturbances in the flow field of that aircraft 
so as to establish the modeling in order to design the 
optical systems and/or flow control devices the aircraft 
will ultimately carry to operate within and/or mitigate 
these aero-optical disturbances. 

[0008] The features, functions, and advantages that 
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have been discussed can be achieved independently in 
various embodiments or may be combined in yet other 
embodiments further details of which can be seen with 
reference to the following description and drawings. 
[0009] Publication US 6 894 818 B1 discloses an aero- 
optical disturbance measurement system of particular in- 
terest. 


SUMMARY 


[0010] An object of the present invention is to provide 
an aero-optical disturbance measurement system which 
includes a mirror supported by a gimbal for receiving a 
light beam from a light emitting source and reflecting the 
light beam emitted from the light emitting source to a first 
periscope fold mirror and a second periscope fold mirror 
positioned to receive the light beam reflected directly 
from the first periscope fold mirror. The measurement 
system further includes a first concave off-axis parabo- 
loid mirror positioned to receive the light beam reflected 
from the second periscope fold mirror, a first fold mirror 
positioned to receive the light beam reflected directly 
fromthe first concave off-axis paraboloid mirror, a second 
fold mirror positioned to receive the light beam reflected 
directly from the first fold mirror and a second concave 
off-axis paraboloid mirror positioned to receive the light 
beam reflected directly from the second fold mirror and 
reflecting the light beam to a fast steering mirror. Addi- 
tionally included is a fine tracker camera coupled to an 
embedded processer wherein the fine tracker camera 
receives a transmitted portion of the light beam from the 
fast steering mirror, wherein the embedded processor is 
coupled to the fast steering mirror such that the embed- 
ded processor controls movement of the fast steering 
mirror and wherein the embedded processor is coupled 
to the gimbal and controls the movement of the mirror 
supported by the gimbal. 

Another object of the present invention is to provide an 
aero-optical disturbance measurement system which in- 
cludes a mirror supported by a gimbal for receiving a light 
beam from a light emitting source and reflecting the light 
beam emitted from the light emitting source to a first per- 
iscope fold mirror. A second periscope fold mirror is po- 
sitioned to receive the light beam reflected directly from 
the first periscope fold mirror. A first concave off-axis pa- 
raboloid mirror is positioned to receive the light beam 
reflected from the second periscope fold mirror. A first 
fold mirror is positioned to receive the light beam reflected 
directly from the first concave off-axis paraboloid mirror. 
A second fold mirror is positioned to receive the light 
beam reflected directly from the first fold mirror. A second 
concave off-axis paraboloid mirror is positioned to re- 
ceive the light beam reflected directly from the second 
fold mirror and reflecting the light beam to a fast steering 
mirror. A beam splitter receives the light beam reflected 
directly from the fast steering mirror wherein the beam 
splitter splits the light beam into a transmitted portion and 
a reflected portion. 
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[0011] Another objectofthe present invention is to pro- 
vide an aero-optical disturbance measurement system 
which includes a mirror supported by a gimbal for receiv- 
ing a light beam from alight emitting source and reflecting 
the light beam emitted from the light emitting source to 
a fast steering mirror. A beam splitter receives the light 
beam reflected directly from the fast steering mirror 
wherein the beam splitter splits the light beam into a 
transmitted portion and a reflected portion. A fine tracker 
camera is coupled to an embedded processer wherein 
the fine tracker camera receives the transmitted portion 
of the light beam from the fast steering mirror, wherein 
the embedded processor is coupled to the fast steering 
mirror such that the embedded processor controls move- 
ment of the fast steering mirror and wherein the embed- 
ded processor is coupled to the gimbal and controls the 
movement of the mirror supported by the gimbal. 
[0012] The features, functions and advantages that 
have been discussed can be achieved independently in 
various embodiments or may be combined in yet other 
embodiments further details of which can be seen with 
reference to the following description and drawings. 


BRIEF SUMMARY OF THE DRAWINGS 
[0013] 


FIG. 1 illustrates a perspective schematic view of an 
aircraft in a flow field wherein representative optical 
beams pass through the flow field to the aircraft; 


FIG. 2illustrates a back elevation view of a schematic 
representation of an embodiment of the wavefront 
measuring system; 


FIG. 3 illustrates a top plan view of a schematic rep- 
resentation of aero-optical disturbance measure- 
ment system; 


FIG. 4 illustrates a side elevation view of the sche- 
matic representation of the wavefront measuring 
system as shown in FIG 2; 


FIG. 5 is an enlarged exploded schematic cut away 
view of a front end of a fighter aircraft with an en- 
larged view of an embodiment of a contained aero- 
optical wave disturbance measurement system of 
FIG. 3 secured to the fighter aircraft; 


FIG. 6 is a schematic perspective view of a fighter 
aircraft to which an embodiment of the aero-optical 
wave disturbance measurement system of FIG. 1 
will be secured; 


FIG. 7 is a schematic front profile view of an aircraft 
depicting sensor location options for characteriza- 
tion of flow field; 
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FIG. 8A is a first panel view of utilizing a star as a 
light emitting source for data collection while in 
straight and level flight for initial star acquisition; 


FIG. 8B is a second panel view of utilizing a star as 
a light emitting source for data collection while the 
aircraft executes a maneuver; 


FIG. 8C is a third panel view of utilizing a star as a 
light emitting source for data collection while the air- 
craft resumes straight and level flight off the original 
flight path; 


FIG. 8D is a fourth panel view of utilizing a star as a 
light emitting for data collection as the aircraft 
maneuvers to return to the original flight path; 


FIG. 9A is a first panel view of utilizing an aircraft 
beacon as a light emitting source for data collection 
while in straight and level flight for initial beacon ac- 
quisition; 


FIG. 9B is a second panel view of utilizing an aircraft 
beacon as a light emitting source for data collection 
while the aircraft executes a maneuver; 


FIG. 9C is a third panel view of utilizing an aircraft 
beacon as a light emitting source for data collection 
while the aircraft resumes straight and level flight off 
the original flight path; and 


FIG. 9D is a fourth panel view of utilizing an aircraft 
beacon as a light emitting source for data collection 
as the aircraft maneuvers to return to the original 
flight path after passing by the beacon emitter. 


DESCRIPTION 


[0014] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which example implementations are 
shown. The invention may be embodied in many different 
forms and should not be construed as limited to the ex- 
amples set forth herein. 

[0015] In referring to FIG. 1, in flight aircraft 10, in this 
embodiment, is an F 18. Aircraft 10 creates an air flow 
field 12 asitpasses through the atmosphere. Disturbanc- 
es are created in air flow field 12 as surfaces 14 of aircraft 
10 impact the air. Surfaces 14 include all external sur- 
faces associated with aircraft 10 that is exposed to air 
flow field 12, as seen in FIGS. 1 and 6. Such surfaces 
include fuselage 15, wings 17, tail section 19, cockpit 21 
etc. as well as all other external surfaces associated with 
aircraft 10 including items appended to aircraft 10 such 
as weapons and the like. As surfaces 14 vary in config- 
uration with different aircraft 10 the resulting aero-optical 
disturbances created within air flow field 12 will differ in 
shape and distance from aircraft 10. These aero-optical 
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disturbances will be further altered as aircraft 10 varies 
its speed and altitude and as aircraft 10 proceeds through 
various maneuvers. 

[0016] It should be understood that depending on the 
shape of surface 14 over which portions of air flow field 
12 flows, the speed of the moving air may differ. For ex- 
ample, if surface 14 is cambered the air flow will be faster 
over the cambered surface 14 than over a flatter surface 
14. Thus, air speed on some portions of air craft 10 may 
be traveling, forexample, at supersonic speed in contrast 
to air speeds at different locations on air craft 10 which 
may be traveling ata transonic speed. Thus, the resulting 
disturbances in flow field 12 about air craft 10 are not 
necessarily homogeneous or uniform from one location 
on aircraft 10 to another. 

[0017] As aircraft 10 flies at subsonic to transonic and 
into supersonic speeds, the air in air flow field 12 will 
experience compression from surfaces 14 of aircraft 10. 
For example, compression of the air at supersonic 
speeds creates shock waves/boundaries 18 with regions 
of continuous flow 16 between the shock waves/bound- 
aries in the aero-optical disturbances in air flow field 12. 
These disturbances are created outwardly from surfaces 
14 of aircraft 10 as represented, for example, schemat- 
ically by alternating regions of shock waves/boundaries 
18 and continuous flow regions 16. Over curved surfaces 
multiple, weaker shock waves/boundaries 18, coalesce 
into a stronger shock wave/boundary 18, as seen in FIG. 
1. The disturbances will take on various configurations 
and will also vary in distance from aircraft 10 as speed, 
altitude and maneuver configurations of this particular 
aircraft 10 vary. 

[0018] These disturbances inclusive of the shock 
waves/boundaries 18 and the continuous flow regions 
16 in air flow field 12 will affect optical path reception and 
transmission by optical equipment carried by aircraft 10. 
Examples of paths of optical path transmission or recep- 
tion are schematically shown as paths 20 and 22, in FIG. 
1. The optical equipment or devices on board aircraft 10 
associated with these optical transmissions or receptions 
may include, for example, optical trackers, surveillance 
sensors, laser-aiming systems and laser-energy-propa- 
gating weapons. In order for these devices to operate 
accurately, effectively and efficiently, they will need to 
reliably compensate for optical path variations caused 
by the disturbances within air flow field 12 as aircraft 10 
flies through the atmosphere. A major step in accom- 
plishing this goal of reliable performance is to acquire 
reliable measurements of the aero-optical disturbances 
in air flow field 12 so as to incorporate such measurement 
data into the design of these optical pieces of equipment. 
[0019] Inreferring to FIGS. 2-4, an embodiment of ae- 
ro-optical disturbance measurement system 24 is shown 
that can be mounted on aircraft 10 to acquire the needed 
data by spatially and temporally measuring the position 
and contour of the aero-optical disturbances created by 
flight of aircraft 10 in air flow field 12. System 24, as seen 
in FIG. 3, in this embodiment, includes wavefront meas- 
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uring system 26 and gimbaled mirror system 28. An ex- 
ample of each of these systems 26 and 28 will be dis- 
cussed in detail herein as will their operation. 

[0020] With aero-optical disturbance measurement 
system 24 secured to aircraft 10, measurement data of 
the optical disturbance in air flow field 12 will be acquired 
by receiving and analyzing a light beam that has traveled 
through the optical disturbance before reaching aircraft 
10. For purposes of this embodiment, light emitting sourc- 
es such as a star, a beacon from another aircraft, a bea- 
con from a ground source, alaser guide star or an artificial 
star may be selected for use by system 24. The light 
source needs to be sufficiently strong enough to operate 
with system 24 such that, for this embodiment, system 
24 is configured to work with a light beam source or star 
with a visual magnitude of (Mv-’3) or brighter. 

[0021] Inreferring to FIGS. 2-4, light beam 30, as seen 
in FIG. 3, originates from a light emitting source, such 
as, in this embodiment, a star and enters gimbaled mirror 
system 28, as seen in FIG. 3, impacting mirror 32 sup- 
ported by gimbal 34. Mirror 32 reflects light beam 30 di- 
rectly to first periscope fold mirror 36. In this embodiment, 
this gimbaled mirror system 28 is aknown as Cast Glance 
Gimbal, originally manufactured by Hughes Optical Sys- 
tems in 1974, and is currently being manufactured by 
The Boeing Company. It has been utilized for both the 
missile and target tracking by the U.S. Navy and installed 
on the NP3D Aircraft. 

[0022] This gimbaled mirror system 28 has been mod- 
ified in this embodiment to include a gyro sensor 38 such 
as a dual axis DSP-1750/Digital Output fiber optic gyro, 
manufactured by KVH Industries of Middleton, Rhode 
Island. Gyro sensor 38 is coupled to mirror 32 and senses 
movement of mirror 32 during flight based on movement 
of aircraft 10 and communicates this movement to em- 
bedded processor 39, embedded in and coupled to fine 
tracker camera sensor 41. In turn, embedded processor 
39 is coupled to gimbal support 34 and communicates 
corrective movements to be made by gimbal support 34 
to mirror 32 to keep light beam 30 aligned with mirror 32 
as aircraft 10 moves in flight. More details as to embed- 
ded processor 39, its coupling with gimbaled support 34 
and the movements imparted to mirror 32 be will be dis- 
cussed below. 

[0023] With system 24 secured to aircraft 10 traveling 
at speeds up to and beyond Mach ‘and conducting 
maneuvers, light beam 30 would otherwise move out of 
alignment with mirror 32 or otherwise out of the field of 
regard of mirror 32, unless corrective movements were 
made to mirror 32 to compensate for the movement made 
by aircraft 10 in its maneuvers. For example, with aero- 
optical disturbance measurement system 24 secured to 
aircraft 10 to acquire aero-optic disturbance measure- 
ments and with aircraft 10 flying through a maneuver, 
mirror 32 moves relative to light beam 30. Gyro sensor 
38 senses this movement of mirror 32 and sends this 
movement data or information to embedded processor 
39. Gyro sensor 38 has a bandwidth connection range 
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of 10 Hz to 100 Hz with embedded processor 39. Em- 
bedded processor 39, in return, commands gimbal sup- 
port 34 to move mirror 32 to keep light beam 30 in proper 
alignment with mirror 32. Gimbal 34 operates with an 
angular sensing of < 4 microradians in resolution over a 
field of regard of +/- 45 degrees in azimuth and elevation, 
and a maximum angular rate of > 60 degrees/second in 
azimuth and elevation. 

[0024] Embedded processor 39, as mentioned above, 
is coupled to a fine tracker camera 41, which will be dis- 
cussed in more detail below. In this embodiment, em- 
bedded processor includes: Field Programable Gate Ar- 
ray (FPGA) such as the Xilinx Spartan-6 LX150T (with 
support for LX100T and LX75T); Boot Flash Memory; 
XMOS Supervisory Processor; 2x QDR-II SSRAM; Sup- 
port for two 4x SDRAM interposer modules; NAND Flash 
providing 4GBytes of storage space; Sensor I/O support- 
ing Camera Link; PCI-Express x1 Support; and 1GbE to 
FPGA. Processor 39 further includes: General Purpose 
Processor (GPP) such as Freescale QorlQ P1022; 
512Mbytes DDR3 SDRAM with ECC; 12C RTC (via ex- 
pansion IO); 12C Temperature Sensor; Serial Peripheral 
Interface (SPI) Configuration Flash; NAND Flash mem- 
ory; Processor Reset (via expansion 10); 10-bit commu- 
nications link between the FPGA modules supervisory 
processor (via expansion IO); PCI Express x1, Gen 1.0 
to FPGA modules Spartan FPGA (via expansion IO); Gi- 
gabit Ethernet (via expansion IO); and Solid State Disk 
storage (via expansion 10). Embedded processor 39 is 
coupled to gimbal support 34 with a bandwidth connec- 
tion range of 10 Hz to 100 Hz. Gimbal support 34 operates 
with a position sensing of < 4 microradians in stroke over 
a field of regard of +/- 45 deg in azimuth and elevation, 
and a maximum angular rate of > 60 deg/sec in azimuth 
and elevation. 

[0025] With embedded processor 39 receiving move- 
ment data with respect to mirror 32 from gyro sensor 38, 
embedded processor sends movement commands to 
gimbal 34 to move mirror 32 and maintain mirror 32 prop- 
erly positioned to maintain light beam 30 from the light 
emitting source in the field of regard for mirror 32The 
Cast Glance actuators can drive the gimbal with a max- 
imum acceleration of > 1700 deg/sec? in azimuth, and > 
400 deg/sec? in elevation. 

[0026] Gimbaled mirror system 28 would also include, 
in this embodiment, use of encoders between the stabi- 
lized platform, provided by gyro sensor 38, and the turn- 
ing flat to enforce stabilized kinematics, as well as, a two 
(2) to one (1) encoder -synchronized drive between the 
stable platform and the turning flat. In addition, the gimbal 
uses rotational flexures and rotary voice coils instead of 
bearings or commutated or brushed DC motors. 

[0027] With aero-optical disturbance measurement 
system 24 mounted to aircraft 10, particularly one that 
can attain supersonic speed, high vibration can be im- 
parted to gimbaled mirror system 28. In this embodiment, 
highly damped passive isolators will be used on gimbal 
support 34. Additionally, at least a 100 Hz gyro stabilized 
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loop can be employed utilizing gyro sensor 38 and gimbal 
support 34 to make corrective movements to mirror 32 
for large angle pointing to the light emitting source, such 
as a star or other aircraft, etc. Moreover, use of vibration 
data collected on a Boeing F-15E with a Shock Wave 
package at 1.2 and 1.4 Mach can be input, for example, 
to a Simulink Model, or other model or simulation, of the 
gyro sensor 38 stabilized gimbal 34.The residual line of 
sight jitter is predicted to be less than 3.0 microradians 
for base motion jitter. This allows the Fine Track sensor 
41, controlled by the embedded processor 39, to reduce 
the optical disturbance in the air flow field 12, by com- 
manding correction to the fast steering mirror 54. 
[0028] In this embodiment, first periscope fold mirror 
36, of gimbaled mirror system 28 receives light beam 30 
directly from mirror 32 supported by gimbal 34and re- 
flects light beam 30 directly toward second periscope fold 
mirror 40 of wavefront measuring system 26, as shown 
in FIG. 3. Second periscope fold mirror 40 receives light 
beam 30 directly from first periscope fold mirror 36 at, in 
this embodiment, a forty five degree (45°) angle of inci- 
dence. Second fold mirror 40 has, in this embodiment, a 
four (4) inch minor axis ellipse with a broad band coating 
of greater than ninety eight percent (98%) reflectivity. 
Light beam 30 is reflected from second periscope fold 
mirror 40 directly to first intermediate fold mirror 42. First 
intermediate fold mirror receives light beam 30 at, in this 
embodiment, a forty five degree (45°) angle of incidence. 
First intermediate fold mirror 42 has a three (3) inch minor 
axis ellipse with a broad band coating of greater than 
ninety eight percent (98%) reflectivity. In turn, first inter- 
mediate fold mirror 42 reflects light beam 30 directly to 
second intermediate fold mirror 44 wherein second inter- 
mediate fold mirror 44 also receives light beam 30 at, in 
this embodiment, a forty five degree (45°) angle of inci- 
dence. Similarly, second intermediate fold mirror 44 has, 
in this embodiment, a three (3) inch minor axis ellipse 
with a broad band coating of greater than ninety eight 
percent (98%) reflectivity. 

[0029] Light beam 30 reflects from second intermedi- 
ate fold mirror 44 directly to first concave off-axis parab- 
oloid mirror 46. First concave off-axis paraboloid mirror 
46 has, in this embodiment, a broad band coating of 
greater than ninety eight percent (98%) reflectivity. Light 
beam 30 is received by first concave off-axis paraboloid 
mirror 46 at an angle of incidence, in this embodiment, 
of less than eight degrees (8.07). Light beam 30 reflects 
from first concave off-axis paraboloid mirror 46 directly 
to first fold mirror 48. First fold mirror 48 is, in this em- 
bodiment, a pupil relay with a broad band coating of great- 
er than ninety eight percent (98%) reflectivity. Light beam 
30 is received by first fold mirror 48 at an angle of inci- 
dence, in this embodiment, of less than eight degrees 
(8.0%). Light beam 30 reflects directly from first fold mirror 
48 to second fold mirror 50 and is received by second 
fold mirror 50 at an angle of incidence of, in this embod- 
iment, of less than fifteen degrees (15.0%). Second fold 
mirror (50) is, in this embodiment, also a pupil relay with 
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a broad band coating of greater than ninety eight percent 
(98%) reflectivity. 

[0030] Light beam 30 is reflected directly from second 
fold mirror 50 to second concave off-axis paraboloid mir- 
ror 52. Second concave off-axis paraboloid mirror 52 re- 
ceives light beam 30 at an angle of incidence, in this 
embodiment, of less than eight degrees (8.0%). Second 
concave off-axis paraboloid mirror 52, in this embodi- 
ment, is an off-axis parabola mirror pupil relay with a 
broad band coating of greater than ninety eight percent 
(98%) reflectivity. Light beam 30 reflects directly from 
second concave off-axis paraboloid mirror 52 to fast 
steering mirror 54 which is, in this embodiment, one inch 
(1") in diameter with a broad band coating of greater than 
ninety eight percent (98%) reflectivity and a bandwidth 
of 100 to 1000 Hz. 

[0031] Fast steering mirror 54, in this embodiment, is 
an OIM101 one inch FSM, manufactured by Optics In 
Motion LLC located in Long Beach, CA. Fast steering 
mirror 54 is coupled to embedded processor 39 and fine 
tracker camera 41 to create a communication loop to 
provide fast steering mirror 54 movement, with an angu- 
lar stroke length within the range of +1.5 degrees and - 
1.5 degrees and angular resolution of < 2 microradian 
and operates in a bandwidth connection with embedded 
processor 39 at 100 to 1000 Hz, to compensate for jitter 
imparted to light beam 30 by flight of aircraft 10. This jitter 
is created on the optical beam by the aircraft 10 vibra- 
tions, and the aero-optical disturbances from the flow 
field 12, the shock wave 16, and the shock boundary 18 
at various look angles around the aircraft. To create this 
communication loop, in part, fast steering mirror 54 is 
coupled to fine tracker camera 41 through a transmitted 
portion 58 of light beam 30. Light beam 30 reflects from 
fast steering mirror 54, in this embodiment, directly to 
beam splitter 56. 

[0032] Beam splitter 56 has, in this embodiment, aone 
inch (1") diameter with a broad band coating with a fifty 
per cent (50%) reflectivity and receives light beam 30 at 
an angle of incidence, in this embodiment, of less than 
eight degrees (8.0°). 

[0033] In this embodiment, beam splitter 56 is a 
broadband plate beam splitter manufactured by CVI 
Laser Optics of Albuquerque, New Mexico. This beam 
splitter has a brand CVI Laser Optics with optical material: 
N-BK7 glass; Surface Quality: 10-5 scratch and dig; 
Product Code: BBS; Adhesion and Durability: Per Mil-C- 
675C. insolvable in lab solvents; Clear Aperture: greater 
or equal to eighty five percent (85%) of central diameter; 
Coating Technology: Electron beam multilayer dielectric; 
Chamfer: 0.35 mm at forty five degrees (45°) (typical); 
Wedge: less than or equal to five (5) arc min; Damage 
Threshold: one hundred (100) mJ/cm2 for twenty (20) 
nsec, and twenty (20) Hz @one thousand sixty four 
(1064) nm; Thickness t+or - 0.25 mm; Diameter: ø + 0/- 
0.25 mm; Surface Figure: 1/10 at 633nm; Reflection: 
Runpolarized=00%+or -15%; and Coating on S2: Low- 
reflection Broadband Anti-Reflective coating. Beam 
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splitter 56 splits light beam 30 into a portion 58 and 
another portion 60. 

[0034] A portion of light beam 30 which passes through 
beam splitter 56 is referred to as transmitted portion 58 
of light beam 30. Transmitted portion 58, in this embod- 
iment, is received directly from beam splitter 56 by f first 
tracker fold mirror 62 having, in this embodiment, a one 
inch (1") diameter with a broad band coating with greater 
than ninety eight percent (98%) reflectivity. First tracker 
fold mirror 62 receives transmitted portion 58 of light 
beam 30 at, in this embodiment, a forty five degree (45°) 
angle of incidence. Achromatic focusing lens 64 with a 
broad band AR coating receives transmitted portion 58 
of light beam 30 at normal or perpendicular angle of in- 
cidence. Second tracker fold mirror 66 has, in this exam- 
ple, a one inch (1") diameter on the semi-minor axis with 
a broad band coating with greater than ninety eight per- 
cent (98%) reflectivity. Second tracker fold mirror 66 re- 
ceives transmitted portion 58 of light beam 30 from ach- 
romatic focusing lens 64 at, in this example, a forty five 
degree (45°) angle of incidence and reflects transmitted 
portion 58 directly to filter wheel assembly 68 associated 
With fine tracker camera 41 and positioned between sec- 
ond tracker fold mirror 66 and fine tracker camera 41. 
[0035] Filter wheel assembly 68 may be applied to op- 
timize the signal from a star, in contrast, it may not be 
applied wherein the light emitting light source may be a 
beacon carried by an aircraft. With transmitted portion 
58 of light beam 30 passing through filter wheel assembly 
68, transmitted portion 58 reaches fine tracker camera 
41. Fine tracker camera 41 senses movement of trans- 
mitted portion 58 of light beam 30. 

[0036] Fine tracker camera 41, in this embodiment, uti- 
lizes a Xenics Bobcat 640CL Shortwave Infrared (SWIR) 
that is capable of 1700 Hz frame rate in a 128 x 128 
windowed mode. With fine tracker camera 41 coupled to 
embedded processor 39, with embedded processor 39 
coupled to fast steering mirror 54 and with fast steering 
mirror 54 coupled to fine tracker camera 41 by way of 
transmitted portion 58 of light beam 30, the communica- 
tion loop is complete for fine tracker camera 41 to sense 
movement of transmitted portion 58 of light beam 30 and 
communicate that data to embedded processor 39 which, 
in turns, sends commands to fast steering mirror 54 to 
move fast steering mirror 54 accordingly. This commu- 
nication loop will operate to mitigate jitter imparted to ae- 
ro-optical disturbance measurement system 24 by the 
high speed travel of aircraft 10. 

[0037] Returning to beam splitter 56, beam splitter 56 
divides light beam 30. Beam splitter 56 transmits a por- 
tion, transmitted portion 58, of light beam 30 and reflects 
another portion of light beam 30, now referred to as re- 
flected portion 60, Reflected portion 60 is directed from 
beam splitter 56 to first wave sensor fold mirror 70 having, 
in this embodiment, a semi-minor axis diameter of one 
inch (1") and with a broad band coating of greater than 
ninety eight percent (98%) reflectivity. Reflected portion 
60 is received by fold mirror 70 at an angle of incidence, 
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in this embodiment, of less than fifteen degrees (15.0°) 
and reflects reflected portion 60 of light beam 30 directly 
to achromatic pupil relay 72 which, in this example, has 
a broad band AR coating. Reflected portion 60, in this 
embodiment, is received by achromatic pupil relay 72 at 
a normal angle of incidence. 

[0038] Reflected portion 60 of light beam 30 passes 
on to wavefront sensor lenslet array 74 which are con- 
figured to capture spatial and temporal wavefront param- 
eters associated with aero-optical disturbances created 
by aircraft 10 in flow field 12. This would include shock 
boundaries 18 with aircraft 10 traveling at various speeds 
inclusive of supersonic. Lenslet array 74 includes an ar- 
ray of lenslets of at least 16 x 16 subapertures or a set 
of lenslets of 24 x 24 subapertures. In this embodiment, 
wavefront sensor includes the Xenics Cheetah-640CL 
with 24x24 sub-apertures with 5x5 pixels per sub-aper- 
tures in a 120 x 120 window which would enable wave- 
front collection, in this example, at 15kHz. Lenslet array 
74 focuses reflected portion 60 to a focal plane array 
wavefront camera 76. Wavefront camera 76 thereby re- 
ceives temporal and spatial data of the aero-optical dis- 
turbances in flow field 12 from reflected portion 60 of light 
beam 30 which has passed through wavefront sensor 
lenslet array 74. Wavefront camera 76, in this embodi- 
ment, includes a 512 x 512 Short Wave Infrared focal 
plan and has a frame rate of greater than five (5)kHz. 
[0039] Wavefront sensor lenslet array 74 and wave- 
front camera 76 are coupled to sensor power supply, 
which includes a signal interface and another embedded 
processor 78, which also includes a solid state data stor- 
age devices such as, SAMSUNG 840 Pro Series MZ- 
7PD128BW 2.5" 128GB SATA Ill MLC Internal Solid 
State Drive (SSD). The solid state data storage will store 
the temporal and spatial measured data of the aero-op- 
tical disturbances created by aircraft 10 received from 
the wavefrontsensorlenslet array 74 and wavefront cam- 
era 76, along with, corresponding operational or naviga- 
tional data from aircraft 10. This stored data can then be 
used to design optical instrumentation which will later be 
installed on aircraft 10. Additional equipment to support 
aero-optical disturbance measuring system 24, shown in 
FIGS. 2-4, includes gimbal electrical interface port 80 
and fast steering mirror power supply and controller 81. 
[0040] The above described wavefront measuring sys- 
tem 26 and the gyro stabilized gimbaled mirror system 
28 permit aero-optical disturbance measurement system 
24 to be contained within a compact arrangement as seen 
in Fig. 5. For example, wavefront measuring system 26, 
without the Cast Glance gimbal 28, can be assembled in 
an arrangement approximately eight inches (8") x ten 
inches (10") x twenty inches (20") with a weight of be- 
tween thirty-four (34) and forty (40) pounds. With the Cast 
Glance gimbal 28, the dimensions are eight inches (8") 
x nineteen inches (19") x twenty inches (20") with a weight 
of between one hundred seventy (170) and one hundred 
seventy five (175) pounds. With the ability to provide 
wavefront measuring system 26 with this light weight and 
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compact arrangement, the gyro-stabilized gimbaled mir- 
ror system 28 can be secured to system 26 and meas- 
urement system 24 can now be secured atmany different 
locations on aircraft 10. This compact arrangement will 
permitmeasurement system 24 to be installed on smaller 
fighter aircraft that can attain supersonic speeds and not 
disrupt the aerodynamics of the aircraft. 

[0041] In referring to FIG. 5, wavefront measuring sys- 
tem 26 and the gyro stabilized gimbaled mirror system 
28 are each contained within containers 85 and 83, re- 
spectively. Containers 83 and 85 are firmly secured to- 
gether to form container assembly 82. Container 83 in- 
cludes a front side 84 which defines opening 86 and per- 
mits gimbaled mirror system 28 to be exposed to incom- 
ing light, such as light beam 30. With respect to wavefront 
measuring system 26, it is housed within container 85. 
Optical components within wavefront measuring system 
26 are held rigidly within back container 85 with a carbon 
foam composite structure (not shown) and mounted to a 
carbon fiber bench 87, as seen in FIG. 3. Containers 83 
and 85 are typically constructed of aluminum with a ther- 
mal isolator to match the coefficient ofthermal expansion 
of the optical bench. 

[0042] With container assembly 82 assembled, it is 
ready to be secured to aircraft 10 with passive isolators 
such as Barry Isolator Series 1000, which meets the Mil- 
M-17185 environment spec with a temperature range of 
-65 degrees F to + 180 degrees F, and Mil-STD-167 vi- 
bration specification. As for example, container assembly 
82 is secured to a side of nose barrel position 88, as seen 
in FIG. 5. As will be discussed in more detail, container 
assembly 82 will, in this embodiment, be positioned at a 
number of locations on aircraft 10 to measure and collect 
temporal and spatial data of aero-optical disturbances in 
air flow field 12 surrounding different portions of aircraft 
10. Typically container assembly 82 containing aero-op- 
tical disturbance measuring system 24 will be positioned 
behind a window or conformal window 90 as shown in 
FIG. 5. Light beam 30 coming from a light emitting source 
such as a star or another aircraft or ground location etc. 
will pass through an aero-optical disturbance in air flow 
field 12, pass through window or conformal window 90 
and then through opening 86 of container 83. Light beam 
30 will then reflect off of mirror 32 supported by gimbal 
34 and first periscope fold mirror 36 and into wavefront 
measuring system 26 where light beam 30 is received 
by second periscope fold mirror 40. On other occasions, 
container assembly 82 containing system 24 will be se- 
cured on an external portion of aircraft 10 behind a win- 
dow which is not a conformal window 90 or at other po- 
sitions of aircraft 10 wherein a conformal window 90 is 
employed. 

[0043] As seen in FIG. 6, this embodiment portrays an 
F-18 fighter aircraft 10. As discussed above, container 
assembly 82 will be secured to the F 18 aircraft 10 and 
positioned, for example, behind conformal window 90 at 
locations including: dorsal mid-body (two locations) 92; 
wing gun location 94; electro-optical targeting system 96 
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or on other aircraft a lower gun bay; conformal fairing 98; 
upper nose barrel 100; and dorsal behind cockpit 102. 
With measurement system 24 positioned atthese various 
locations, aero-optical disturbance data can be meas- 
ured and collected around aircraft 10. A single measure- 
ment system 24 may be employed on aircraft 10 or mul- 
tiple measurement systems 24. With the collected meas- 
ured data, modeling for optical equipment that will be 
positioned at these various locations will be compiled to 
create design criteria forthe optical equipment to be able 
to accommodate optical deviations created by the aero- 
optical disturbances positioned in air flow field 12 of air- 
craft 10. 

[0044] As seen in FIG. 7, in this embodiment aircraft 
10 is an F 18 in flight and sectors about aircraft are de- 
marked to indicate possible field of regard of positions of 
measuring system 24 taking measurements with aircraft 
10 in flight. In referring to FIG. 7, these sectors positioned 
about aircraft 10 include top sensor field of regard 104; 
bottom sensor field of regard 106; right hand sensor field 
of regard 108 and left hand sensor field of regard 110. 
Regardless, ofthe positioning of aero-optical disturbance 
measuring systems 24 on aircraft 10, the flight ge- 
ometries for the testing for acquisition of data will depend 
on the field of regard of the optical system within system 
24 and the location and speed of the light emitting source. 
[0045] To fully characterize the air flow field 12 around 
aircraft 10 would require the optical system field of regard 
to be 4x steradians which would require more than one 
sensor or system 24. Although multiple systems 24 are 
possible to be secured to the top and bottom of aircraft 
10 this is not necessary for a characterization or data 
acquisition flight. The air flow around aircraft 10 is sub- 
stantially the same on the left hand side field of regard 
110 and the right hand side field of regard 108. The dif- 
ferences in the air flow field 12 around aircraft 10 will 
occur in top and bottom fields of regard 104 and 106. 
[0046] Measurement system 24 should be in a position 
on aircraft 10 to characterize top 104 and bottom 106 of 
flow field 12. The better position for this would be on 
either side of the fuselage 15 of aircraft 10 with sufficient 
field of regard to measure or characterize flow field 12 
above, below, side, forward and aft of aircraft 10. How- 
ever, the larger the field of regard also minimizes the 
required aircraft 10 maneuvering to view the light emitter 
source, whether a star or another aircraft etc., and in- 
creases the available data collection time. However, the 
larger the field of regard, the larger the window or con- 
formal window 90 will be needed. 

[0047] Should window 90 be non-conformal and forms 
a blister, for example, on the external surface of aircraft 
10, will require a different gimbal mirror with greater field 
of regard. The blister configuration will change the flow 
field 12 being measured. Itis understood the aero-optical 
measuring system 24 comprising gimbal mirror system 
28 and wavefront measuring system 26 can be secured 
to a wide variety of aircraft that have a fuselage and at 
least one aerodynamic interface surface, such as, a fixed 
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wing 17, stabilizing fin, rotary blade etc. and not be se- 
cured only to an airplane such as aircraft 10. The wide 
variety of aircraft, in addition to the airplane, would in- 
clude, for example, a rocket, missile, helicopter, aircraft 
that have fixed wings with helicopter functionality capa- 
bilities etc. These aircraft would provide a platform from 
which aero-optical measuring system 24 would measure 
aero-optical disturbances in the flow field surrounding 
that particular aircraft. 

[0048] As mentioned above, the data measuring or 
characterization flights that will employ aero-optical dis- 
turbance measuring system 24, will use a star, or abea- 
con from another aircraft or from the ground etc. as its 
light beam 30 source to pass through measuring system 
24. System(s) 24 will, in this embodiment, be secured 
within container assembly 82 and, in turn, be firmly se- 
cured to a desired location on aircraft 10. It is contem- 
plated that securement of system 24 behind conformal 
window 90 will provide the least intrusion to air flow field 
12, however, other data acquiring may cause system 24 
to be secured behind a non-conformal window creating 
an anomalous surface on aircraft 10 affecting air flow 
field 12. 

[0049] Now referring to FIGS. 8A-8D, aero-optical dis- 
turbance measuring system 24 was developed, in this 
embodiment, to fly on an aircraft 10 to measure and ac- 
quire aero optical disturbances in air flow fields of aircraft 
10, as shown. In particular, measuring system 24 was 
developed so as to be able to use system 24 on a smaller 
type aircraft, such as a fighter aircraft, in order to be able 
to secure system 24 to multiple locations on aircraft 10 
without disrupting the aerodynamics of aircraft 10 and to 
be able to acquire data in a wide range of air speeds 
including supersonic. 

[0050] In an embodiment of a flight for measuring and 
acquiring aero-optical disturbance data, as shown in 
FIGS. 8A-8D, in this embodiment, an F-18 aircraft 10 
commences flying along a flight path 116 with measuring 
system 24 secured to a forward nose barrel position 100. 
In this embodiment, aircraft 10 is traveling at 1.6 Mach 
at an altitude of thirty thousand feet (30,000 ft). Measuring 
system 24 is operating at a ninety degree (90°) full field 
of regard 112 and receives a light beam 30 from a light 
emitting source, star 114, having a magnitude of Mv3 or 
brighter. Light beam 30 is received by mirror 32 supported 
by the gimbal 34,within a gyro stabilized gimbal mirror 
system 28. Light beam 30 passes through wavefront 
measuring system 26 inclusive of fast steering mirror 54 
and through beam splitter 56. Beam splitter 56 splits light 
beam 30 into a transmitted portion 58 and a reflected 
portion 60. Transmitted portion 58 of light beam 30 is 
reflected, as described above, to fine tracker camera 41 
which is coupled to embedded processor 39. In turn, em- 
bedded processor 39 is coupled to gimbaled mirror sys- 
tem 28 to control movement of mirror 32 supported by 
gimbal 34and is coupled to fast steering mirror 54 to con- 
trol movement of fast steering mirror 54. 

[0051] With aircraft 10 flying, collecting data regarding 
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aero-optic disturbances in flow field 12 of aircraft 10 step 
is commenced. Wavefront sensor lens array 74 and 
wavefront sensor camera 76 measure aero-optical dis- 
turbance data from other portion 60 of light beam 30. 
Another embedded processor 79 coupled to wavefront 
sensor lens array 74 and wavefront sensor camera 76, 
receives the measured aero-optical disturbance data and 
stores that data. As mentioned earlier, another embed- 
ded processor 78is also coupled to aircraft 10 and re- 
ceives navigational information regarding the aircraft 10 
location, altitude and ground speed as well. 

[0052] Typically, prior to aircraft 10 taking off to meas- 
ure and acquire aero-optical disturbance data, a light 
emitting source is selected, such as star 114 in this ex- 
ample, which has sufficient visible magnitude to operate 
with measurement system 24. The coordinates for the 
light emitting source or star 114 are placed into the em- 
bedded processor 39 that is coupled to fine tracker cam- 
era 41. This enables mirror 32 supported by gimbal 34to 
search and detect light emitting source or star 114 with 
aircraft 10 in flight. 

[0053] After engines are started, the crew of aircraft 10 
initializes system 24 and initializes inertial guidance sys- 
tem from the GPS of aircraft 10. Aircraft 10 proceeds to 
take off and heads for an initial point for measuring and 
data acquisition. In this embodiment. set forth in FIGS. 
8A-8D, aircraft 10 attains a speed of 1.6 Mach at an al- 
titude of thirty thousand feet (30,000 ft.) with a level flight 
path 116. The crew initiates a data collection command 
which initiates gimbal 34, fast steering mirror 54, tracker 
camera 41 and embedded processor 39. The preloaded 
target coordinates provide guidance to the initiated de- 
vices to acquire the preloaded coordinates for the light 
emitting source or star 114. With light emitting source or 
star 114 having light beam 30 engaged to mirror 32 sup- 
ported by gimbal 34, fine tracker camera sensor 41 sens- 
ing light beam 30 centered in the image field, with low 
bandwidth communication loops closed for gimbal 34 and 
fast steering mirror 54 with embedded processor 39, 
measurement system 24 is prepared to enter measure- 
ment and acquisition mode with respect to aero-optical 
disturbances within air flow field 12. 

[0054] In FIG. 8A, aircraft 10 has attained altitude, 
speed, flight path and light emitting source or star 114. 
Flight path 116 is straight and level. Tracker 41 detects 
sufficient signal obtained from transmitted portion 58 of 
light beam 30 from star 114, crew can close high band- 
width loop on fast steering mirror 54 and embedded proc- 
essor 79 initiates collecting the measured data from 
wavefront lens array 74 and camera 76 measuring the 
aero-optical disturbance from reflected portion 60 of light 
beam 30. The high bandwidth loop on fast steering mirror 
54 remains in this mode during measurement and data 
acquisition of measurement system 24 so as to mitigate 
jitter affects that may be imparted to system 24 during 
such high speed travel of aircraft 10. During this process, 
when tracker 41 detects movement of transmitted portion 
58 of light beam 30 and sends that data to embedded 
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processor 39 which, in turn, sends commands to fast 
steering mirror 54 to move. In the embodiment seen in 
FIG. 8A, star 114 appears at a twenty degree (20°) ele- 
vation from aircraft 10 and seventy degrees (70°) off of 
left hand side of nose 120 of aircraft 10. Star 114 is up 
and forward in measurement system 24 field of regard. 
[0055] In FIG. 8B, at ten seconds into the data meas- 
uring and acquisition commencement, the next step, in 
this embodiment, includes aircraft 10 initiating moving its 
direction of flight or initiating amaneuver. The maneuver 
is a forty degree (40°) bank turn at 1.6 Mach. This maneu- 
ver moves star 114 down and aft in the field of regard for 
measurement system 24 and aircraft 10 toward a second 
flight path (not shown). This maneuver moves light emit- 
ting source or star 114 in gimbal 34 supported mirror 32 
field of regard. Gyro sensor 38 sends movement data of 
mirror 32 to embedded processor 39. Embedded proc- 
essor 39 sends commands to gimbal 34 to move mirror 
32 keeping light beam 30 aligned with mirror 32 or in the 
proper field of regard for mirror 32. At the same time, 
other reflected portion 60 of light beam 30 continues to 
enter wavefront lens array sensor 74 and wavefront sen- 
sor camera 76 thereby measuring aero-optical distur- 
bances from reflected portion 60 of light beam 30. These 
measurements are stored in embedded processor 78. 
[0056] In this embodiment, at fifty seconds (50 secs.) 
after commencing measuring and acquiring data with re- 
spectto aero-optical disturbances, aircraft 10 rolls to level 
in FIG. 8C and commences flying in a second flight path. 
At this point, aircraft 10 is still traveling at 1.6 Mach at a 
straight and level configuration with star 114 at twenty 
degrees (20°) elevation from aircraft 10 and one hundred 
degrees (100°) off of left hand sector of nose 120. Star 
114 is up and aft in field of regard for measuring system 
24. In this step of flying aircraft 10 in the second flight 
path, wavefront lens array sensor 74 and wavefront sen- 
sor camera 76 continue to receive reflected portion 60 
of light beam 30 in order to measure aero-optical distur- 
bance created by aircraft 10 in air flow field 12. 

[0057] In referring to FIG. 8D, at sixty seconds (60 
secs.) from the time measuring was initiated, aircraft 10 
takes the next step of moving from the second flight path 
with a ten degree (10°) bank turn moving aircraft 10 back 
to flight path 116. This maneuver moves star 114 up in 
measuring system 24 field of regard and moves forward 
in measuring system 24 field of regard. Communication 
loop of gyro sensor 38, embedded processor 39 and gim- 
bal 34 maintain star 1 14 image and light beam 30 aligned 
with field of regard for mirror 32. Gyro sensor 38 senses 
movement and sends that data to embedded processor 
39. Embedded processor in return sends control com- 
mands to gimbal 34 to move mirror 32 and maintain star 
114 in the field of regard of mirror 32. During this step 
with moving aircraft 10 back to flight path 116 reflected 
portion 60 of light beam 30 continues to be received by 
wavefront lens array sensor 74 and wavefront camera 
76 so as to continue to measure the aero-optical distur- 
bance in air flow field 12. The measurement data contin- 
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ues to be stored by embedded processor 78. 

[0058] At the completion of the maneuver by aircraft 
10, the crew shuts off the high bandwidth communication 
loop of fast steering mirror 54 causing measurement data 
collection from embedded processor 78 to automatically 
stop. Communications from embedded processor 39 to 
gimbal 34 and fine tracker camera 41 are also disabled. 
The crew then flies aircraft 10 to its next measurement 
and acquisition initial or commencement point and the 
process is repeated. Once all of the data is measured 
and collected by system 24, for that particular flight mis- 
sion, the ground crew off loads the data that was stored 
in embedded processor 78. These flight missions are car- 
ried out until sufficient data has been measured and ac- 
quired for aero-optical disturbances in air flow field 12 for 
each type of aircraft 10 at various speeds, altitudes and 
flight maneuvering configurations. 

[0059] The collecting of aero-optical disturbance data 
in air flow field 12 of aircraft 10 was described above in 
FIGS. 8A-8D with using a star 114 as the light emitting 
source for light beam 30. Similarly, such measurement 
data of aero-optical disturbances is collected in FIGS. 
9A-9D with the light emitting source being a beacon on 
another aircraft 122 emitting light beam 30. In FIG. 9A, 
in this embodiment, aircraft 10 is in its first flight path 116 
traveling at 1.6 Mach at an altitude of thirty thousand feet 
(30,000 feet) in straight and level flight. Light beam 30 
from other aircraft 122 is tracked and maintained in meas- 
urement system 24 field of regard much like the flight 
associated with star 114. Aero-optical disturbances are 
measured and stored along with the operational data 
from aircraft 10 by other embedded processer 78. With 
light emitting source acquired, measuring of aero-optical 
disturbances proceed, in this embodiment, for fifteen sec- 
onds (15 secs.). The light emitting source on other aircraft 
122 is positioned at forty five degrees (45°) elevation from 
aircraft 10 and forty five degrees (45°) off the left hand 
side of nose 120 of aircraft 10. The target light emitting 
source on other aircraft 122 is up and forward in meas- 
uring system 24 field of regard 112. 

[0060] In referring to FIG. 9B, aircraft 10 commences 
moving or initiating a bank turn. At about twenty seconds 
(20 secs.) from initially engaging light emitting source, 
aircraft 10 continues to fly at 1.6 Mach and makes a bank 
turn of forty degrees (40°). Target light emitting source 
is at forty eight degrees (48°) elevation from aircraft 10 
and fifty four (54°) off nose 120 and moving aft. This bank 
moves target light emitting source down and aft in meas- 
urement system 24 field of regard. Again, measurement 
and acquisition of aero-optical disturbance data contin- 
ues as does maintaining the target light emitting source 
in the field of regard of measurement system 24. 
Throughout the data measuring and acquisition, mitigat- 
ing jitter is accomplished through the high speed closed 
communication loop of the fast steering mirror 54 and 
embedded processor 39. 

[0061] In referring to FIG. 9C, at thirty seconds (30 
secs.) after initial engagement with beacon, aircraft 10 
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remains at 1.6 Mach and on a straight and level second 
flight path. Target light emitting source on other aircraft 
122 is at one hundred degrees (100°) off of left side of 
nose 120 of aircraft 10 and target beacon is up and aft 
in measurement system 24 field of regard 112. Again, 
measurement and acquisition of this data continues 
through reflected portion 60 of light beam 30 from target 
light emitting source of other aircraft 122 passing through 
wavefront lens array 74 and wavefront camera 76 and 
being stored on other processor 78. 

[0062] In FIG. 9D, aircraft 10 has overcome other air- 
craft 122 at thirty nine seconds (39 secs.) after initial en- 
gagement with target light emitting source. Aircraft 10 is 
still traveling at 1.6 Mach and makes a ten degree (10°) 
bank turn. Target light emitting source on other aircraft 
122 is forty four degrees (44°) up and one hundred and 
thirty six degrees (136°) aft from aircraft 10. Aircraft 10 
has moved target light emitting source up in measure- 
ment system 24 field of regard 112. Target light emitting 
source continues to move aft until out of measurement 
system 24 field of regard 112. Data measuring stops 
when pilot turns off measuring system 24. Again, the data 
stored by other processor 78 is off-loaded by the ground 
crew once aircraft 10 returns to base. 

[0063] As mentioned earlier, data measuring and col- 
lecting missions will, in this embodiment, be run in a range 
of speeds of at least up to Mach 2, altitudes of sea level 
to seventy-five thousand (75,000 feet) and with maneu- 
vers up to 3g. The measured and acquired data for airflow 
field 12 and aero-optical disturbances for each aircraft 
will provide custom modeling for the optical equipment 
to be later carried by such aircraft. Incorporation of the 
spatial and temporal data measured by system 24 will 
enable designs of the optical equipment to effectively 
compensate for and operate through the aero-optical dis- 
turbances created in flow fields 12 of aircraft 10. 

[0064] While various embodiments have been de- 
scribed above, this disclosure is not intended to be limited 
thereto. Variations can be made to the disclosed embod- 
iments that are still within the scope ofthe following claus- 
es, and the appended claims. 

[0065] Clause 1. An aero-optical disturbance meas- 
urement system, comprising: 


a mirror supported by a gimbal for receiving a light 
beam from a light emitting source and reflecting the 
light beam emitted from the light emitting source to 
a first periscope fold mirror; 


a second periscope fold mirror positioned to receive 
the light beam reflected directly from the first peri- 
scope fold mirror; 


a first concave off-axis paraboloid mirror positioned 
to receive the light beam reflected from the second 


periscope fold mirror; 


afirstfold mirror positioned to receive the light beam 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


11 


reflected directly from the first concave off-axis pa- 
raboloid mirror ; 


a second fold mirror positioned to receive the light 
beam reflected directly from the first fold mirror; 


a second concave off-axis paraboloid mirror posi- 
tioned to receive the light beam reflected directly 
from the second fold mirror and reflecting the light 
beam to a fast steering mirror; and 


afine tracker camera coupled to an embedded proc- 
esser wherein: 


the fine tracker camera receives a transmitted 
portion of the light beam from the fast steering 
mirror; 


the embedded processor is coupled to the fast 
steering mirror such thatthe embedded proces- 
sor controls movement of the fast steering mir- 
ror; and 


the embedded processor is coupled to the gim- 
bal and controls the movement of the mirror sup- 
ported by the gimbal. 


[0066] Clause 2. The aero-optical disturbance meas- 
urement system of clause 1, further including a gyro sen- 
sor coupled to the mirror supported by the gimbal so as 
to sense mirror motion wherein the gyro sensor is coupled 
to communicate movement of the mirror supported by 
the gimbal to the embedded processor. 

[0067] Clause 3. The aero-optical disturbance meas- 
urement system of clause 2, wherein: 


the mirror supported by the gimbal is positioned be- 
hind a window of an aircraft through which the light 
beam from the light emitting source passes; and 
the window is positioned at different locations on the 
aircraft comprising at least one of a side nose barrel; 
a dorsal mid-body, a wing gun location, an electro- 
optical targeting system location, a conformal fairing, 
an upper nose barrel and a dorsal behind cockpit. 


[0068] Clause 4. The aero-optical disturbance meas- 
urement system of clause 1, wherein an angle of inci- 
dence of the light beam with the first periscope fold mirror 
is approximately 45 degrees. 

[0069] Clause 5. The aero-optical disturbance meas- 
urement system of clause 1, further including a first in- 
termediate mirror fold mirror positioned to receive the 
beam of light reflected directly from the second periscope 
fold mirror with an angle of incidence of approximately 
45 degrees and reflects the beam directly to a second 
intermediate fold mirror which receives the beam of light 
at approximately 45 degrees of incidence. 

[0070] Clause 6. The aero-optical disturbance meas- 
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urement system of clause 5, wherein the first concave 
off-axis paraboloid mirror receives the light beam directly 
reflected from the second intermediate fold mirror. 
[0071] Clause 7. The aero-optical disturbance meas- 
urement system clause 6, wherein a first fold mirror re- 
ceives the beam of light reflected directly from the first 
concave off-axis paraboloid mirror and reflects the beam 
of light directly to a second fold mirror. 

[0072] Clause 8. The aero-optical disturbance meas- 
urement system of clause 7, wherein a second concave 
off-axis paraboloid mirror receives the light beam reflect- 
ed directly from the second fold mirror. 

[0073] Clause 9. The aero-optical disturbance meas- 
urement system of clause 1, wherein the fast steering 
mirror operates with an angular stroke length within a 
range of + 1.5 degrees and - 1.5 degrees and angular 
resolution of < 2 microradian commanded byte embed- 
ded processor with a control bandwidth of 100 Hz to 1000 
Hz. 

[0074] Clause 10. The aero-optical disturbance meas- 
urement system of clause 1, further including a beam 
splitter which receives the light beam reflected directly 
from the fast steering mirror wherein the beam splitter 
splits the light beam into the transmitted portion and a 
reflected portion. 

[0075] Clause 11. The aero-optical disturbance meas- 
urement system of clause 10, further including a first 
tracker fold mirror receiving the transmitted portion from 
the beam splitter and an achromatic lens receives the 
transmitted portion ofthe light beam directly from the first 
tracker fold mirror and transmits the transmitted portion 
to the second tracker fold mirror. 

[0076] Clause 12. The aero-optical disturbance meas- 
urement system of clause 11, wherein the fine tracker 
camerareceives the transmitted portion reflected directly 
from the second tracker fold mirror. 

[0077] Clause 13 The aero-optical disturbance meas- 
urement system of clause 12, further including a filter 
wheel assembly positioned between the second tracker 
fold mirror and the fine tracker camera. 

[0078] Clause 14. The aero-optical disturbance meas- 
urement system of clause 1, wherein the embedded proc- 
essor is coupled to the gimbal with a control bandwidth 
of 10 Hz to 100 Hz. 

[0079] Clause 15. The aero-optical disturbance meas- 
urement system of clause ‚1wherein the gimbal operates 
with an angular sensing of < 4 microradians in resolution 
over a field of regard of +/- 45 deg in azimuth and eleva- 
tion, and a maximum angular rate of > 60 deg/sec in 
azimuth and elevation. 

[0080] Clause 16. The aero-optical disturbance meas- 
urement system of clause 10, further including a first 
wavefront sensor fold mirror receiving the reflected por- 
tion directly from the beam splitter and directly reflecting 
the reflected portion to an achromatic pupil relay. 
[0081] Clause 17. The aero-optical disturbance meas- 
urement system of clause 16, further including a wave- 
front sensor comprising a lenslet array positioned to re- 
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ceive the reflected portion directly from the achromatic 
pupil relay and focusing the reflected portion to a focal 
plane array camera. 

[0082] Clause 18. The aero-optical disturbance meas- 
urement system of clause 17, wherein the array compris- 
es a set of lenslets of at least 16 by 16. 

[0083] Clause 19. The aero-optical disturbance meas- 
urement system of clause 17, wherein the array compris- 
es a set of lenslets of 24 by 24. 

[0084] Clause 20. The aero-optical disturbance meas- 
urement system of clause 17, further including another 
embedded processor coupled to the wavefront sensor 
which collects data from the wavefront sensor and nav- 
igational data generated by an aircraft in which the dis- 
turbance measurement system containing the wavefront 
sensor is configured to conformally mount to an aircraft. 
[0085] Clause 21. The aero-optical disturbance meas- 
urement system of clause 17, wherein with the aero-op- 
tical disturbance measurement system configured to 
conformally mount to an aircraft moving at a supersonic 
speed on a flight path with the light beam received by the 
mirror supported by the gimbal in a field of regard for the 
mirror supported by the gimbal, the tracker camera re- 
ceives the transmitted portion of the light beam and the 
wavefront sensor receives the reflected portion of the 
light beam. 

[0086] Clause 22. The aero-optical disturbance meas- 
urement system of clause 21, wherein with the aircraft 
moving away from the flight path, the light beam moves 
in the field of regard of the mirror supported by the gimbal 
and the embedded processor provides control com- 
mands to the gimbal to move the mirror supported by the 
gimbal and the wavefront sensor receives the reflected 
portion. 

[0087] Clause 23. The aero-optical disturbance meas- 
urement system of clause 22, wherein with the aircraft 
moving in a second flight path, the wavefront sensor re- 
ceives the reflected portion. 

[0088] Clause 24. The aero-optical disturbance meas- 
urement system of clause 23, wherein with the aircraft 
moving to the flight path, the light beam moves within the 
field of regard for the mirror supported by the gimbal and 
the gyro sensor communicates that move to the embed- 
ded processor, and the embedded processor provides 
control commands to the gimbal to move the mirror sup- 
ported by the gimbal and the wavefront sensor receives 
data from the reflected portion. 

[0089] Clause 25. The aero-optical disturbance meas- 
urement system of clause 21, wherein a gyro sensor cou- 
pled to the mirror supported by the gimbal and to the 
embedded processor conveys information to the embed- 
ded processor regarding movement of the mirror sup- 
ported by the gimbal and the embedded processor pro- 
vides movement commands to the gimbal to move the 
mirror supported by the gimbal. 

[0090] Clause 26. The aero-optical disturbance meas- 
urement system of clause 21, further including the fine 
tracker camera detects movement of the transmitted por- 
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tion and the embedded processor sends a command to 
the fast steering mirror to move the fast steering mirror. 
[0091] Clause 27. An aero-optical disturbance meas- 
urement system, comprising: 


a mirror supported by a gimbal for receiving a light 
beam from a light emitting source and reflecting the 
light beam emitted from the light emitting source to 
a first periscope fold mirror; 


a second periscope fold mirror positioned to receive 
the light beam reflected directly from the first peri- 
scope fold mirror; 


a first concave off-axis paraboloid mirror positioned 
to receive the light beam reflected from the second 
periscope fold mirror; 


a first fold mirror positioned to receive the light beam 
reflected directly from the first concave off-axis pa- 
raboloid mirror; 


a second fold mirror positioned to receive the light 
beam reflected directly from the first fold mirror; 


a second concave off-axis paraboloid mirror posi- 
tioned to receive the light beam reflected directly 
from the second fold mirror and reflecting the light 
beam to a fast steering mirror; and 


a beam splitter which receives the light beam reflect- 
ed directly from the fast steering mirror wherein the 
beam splitter splits the light beam into a transmitted 
portion and a reflected portion. 


[0092] Clause 28. The aero-optical disturbance meas- 
urement system of clause 27, wherein the angle of inci- 
dence ofthe light beam with the first periscope fold mirror 
is approximately 45 degrees. 

[0093] Clause 29. The aero-optical disturbance meas- 
urement system of clause 27, further including a first in- 
termediate mirror fold mirror positioned to receive the 
beam oflightreflected directly from the second periscope 
fold mirror with an angle of incidence of approximately 
45 degrees and reflects the beam directly to a second 
intermediate fold mirror which receives the beam of light 
at approximately 45 degrees of incidence. 

[0094] Clause 30. The aero-optical disturbance meas- 
urement system of clause 29, wherein the first concave 
off-axis paraboloid mirror receives the light beam directly 
reflected from the second intermediate fold mirror. 
[0095] Clause 31. The aero-optical disturbance meas- 
urement system clause 30, wherein a first fold mirror re- 
ceives the beam of light reflected directly from the first 
concave off-axis paraboloid mirror and reflects the beam 
of light directly to a second fold mirror. 

[0096] Clause 32. The aero-optical disturbance meas- 
urement system of clause 31, wherein a second concave 
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off-axis paraboloid mirror receives the light beam reflect- 
ed directly from the second fold mirror. 

[0097] Clause 33. The aero-optical disturbance meas- 
urement system of clause 27, further including a fine 
tracker camera coupled to an embedded processer 
wherein: 


the fine tracker camerareceives the transmitted por- 
tion of the light beam from the fast steering mirror; 


the embedded processor is coupled to the fast steer- 
ing mirror such that the embedded processor con- 
trols movement of the fast steering mirror; and 


the embedded processor is coupled to the gimbal 
and controls the movement of the mirror supported 
by the gimbal. 


[0098] Clause 34. The aero-optical disturbance meas- 
urement system of clause 33, further including a gyro 
sensor coupled to the mirror supported by the gimbal so 
as to sense mirror motion wherein the gyro sensor is 
coupled to communicate movement of the mirror sup- 
ported by the gimbal to the embedded processor. 
[0099] Clause 35. The aero-optical disturbance meas- 
urement system of clause 34, wherein: 


the mirror supported by the gimbal is positioned be- 
hind a window of an aircraft through which the light 
beam from the light emitting source passes; and the 
window is positioned at different locations on the air- 
craft comprising at least one of side a nose barrel; a 
dorsal mid-body, a wing gun location, an electro-op- 
tical targeting system location, a conformal fairing, 
an upper nose barrel and a dorsal behind cockpit. 


[0100] Clause 36. The aero-optical disturbance meas- 
urement system of clause 33, wherein the fast steering 
mirror operates with an angular stroke length within a 
range of + 1.5 degrees and - 1.5 degrees and angular 
resolution of < 2 microradian commanded byte embed- 
ded processor with a control bandwidth of 100 Hz to 1000 
Hz. 

[0101] Clause 37. The aero-optical disturbance meas- 
urement system of clause 33, further including a first 
tracker fold mirror receiving the transmitted portion from 
the beam splitter and an achromatic lens receives the 
transmitted portion of the light beam directly from the first 
tracker fold mirror and transmits the transmitted portion 
to the second tracker fold mirror. 

[0102] Clause 38. The aero-optical disturbance meas- 
urement system of clause 37, wherein the fine tracker 
camera receives the transmitted portion reflected directly 
from the second tracker fold mirror. 

[0103] Clause 39 The aero-optical disturbance meas- 
urement system of clause 38, further including a filter 
wheel assembly positioned between the second tracker 
fold mirror and the fine tracker camera. 
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[0104] Clause 40. The aero-optical disturbance meas- 
urement system of clause 33, wherein the embedded 
processor is coupled to the gimbal with a control band- 
width of 10 Hz to 100 Hz. 

[0105] Clause 41. The aero-optical disturbance meas- 
urement system of clause 40, wherein the gimbal oper- 
ates with an angular sensing of < 4 microradians in res- 
olution over a field of regard of +/- 45 deg in azimuth and 
elevation, and a maximum angular rate of > 60 deg/sec 
in azimuth and elevation. 

[0106] Clause 42. The aero-optical disturbance meas- 
urement system of clause 27, further including a first 
wavefront sensor fold mirror receiving the reflected por- 
tion directly from the beam splitter and directly reflecting 
the reflected portion to an achromatic pupil relay. 
[0107] Clause 43. The aero-optical disturbance meas- 
urement system of clause 42, further including a wave- 
front sensor comprising a lenslet array positioned to re- 
ceive the reflected portion directly from the achromatic 
pupil relay and focusing the reflected portion to a focal 
plane array camera. 

[0108] Clause 44. The aero-optical disturbance meas- 
urement system of clause 43, further including: another 
embedded processor coupled to the wavefront sensor 
which collects data from the wavefront sensor and nav- 
igational data generated by an aircraft; and 

the disturbance measurement system containing the 
wavefront sensor is configured to conformally mount to 
an aircraft. 

[0109] Clause 45. The aero-optical disturbance meas- 
urement system of clause 43, wherein the array compris- 
es a set of lenslets of at least 16 by 16. 

[0110] Clause 46. An aero-optical disturbance meas- 
urement system, comprising: 


a mirror supported by a gimbal for receiving a light 
beam from a light emitting source and reflecting the 
light beam emitted from the light emitting source to 
a fast steering mirror; 


a beam splitter which receives the light beam reflect- 
ed directly from the fast steering mirror wherein the 
beam splitter splits the light beam into a transmitted 
portion and a reflected portion; and 


a fine tracker camera coupled to an embedded proc- 
esser wherein: 


the fine tracker camera receives the transmitted 
portion of the light beam from the fast steering 
mirror; 


the embedded processor is coupled to the fast 
steering mirror such that the embedded proces- 
sor controls movement of the fast steering mir- 
ror; and 


the embedded processor is coupled to the gim- 
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bal and controls the movement of the mirror sup- 
ported by the gimbal. 


[0111] Clause 47. The aero-optical disturbance meas- 
urement system of clause 46, further includes: 


a first periscope fold mirror receiving the light beam 
source directly from the mirror supported by the gim- 
bal; 


a second periscope fold mirror positioned to receive 
the light beam reflected directly from the first peri- 
scope fold mirror; 


a first concave off-axis paraboloid mirror positioned 
to receive the light beam reflected from the second 
periscope fold mirror; 


a first fold mirror positioned to receive the light beam 
reflected directly from the first concave off-axis pa- 
raboloid mirror; 


a second fold mirror positioned to receive the light 
beam reflected directly from the first fold mirror; and 


a second concave off-axis paraboloid mirror posi- 
tioned to receive the light beam reflected directly 
from the second fold mirror and reflecting the light 
beam to the fast steering mirror. 


[0112] Clause 48. The aero-optical disturbance meas- 
urement system of clause 47, wherein the angle of inci- 
dence of the light beam with the first periscope fold mirror 
is approximately 45 degrees. 

[0113] Clause 49. The aero-optical disturbance meas- 
urement system of clause 47, further including a first in- 
termediate mirror fold mirror positioned to receive the 
beam of light reflected directly from the second periscope 
fold mirror with an angle of incidence of approximately 
45 degrees and reflects the beam directly to a second 
intermediate fold mirror which receives the beam of light 
at approximately 45 degrees of incidence. 

[0114] Clause 50. The aero-optical disturbance meas- 
urement system of clause 49, wherein the first concave 
off-axis paraboloid mirror receives the light beam directly 
reflected from the second intermediate fold mirror. 
[0115] Clause 51. The aero-optical disturbance meas- 
urement system clause 50 wherein a first fold mirror re- 
ceives the beam of light reflected directly from the first 
concave off-axis paraboloid mirror and reflects the beam 
of light directly to a second fold mirror. 

[0116] Clause 52. The aero-optical disturbance meas- 
urement system of clause 51 wherein a second concave 
off-axis paraboloid mirror receives the light beam reflect- 
ed directly from the second fold mirror. 

[0117] Clause 53. The aero-optical disturbance meas- 
urement system of clause 46 wherein the fast steering 
mirror operates with an angular stroke length within a 
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range of + 1.5 degrees and - 1.5 degrees and angular 
resolution of < 2 microradian commanded byte embed- 
ded processor with a control bandwidth of 100 Hz to 1000 
Hz. 

[0118] Clause 54. The aero-optical disturbance meas- 
urement system of clause 46, further including a first 
tracker fold mirror receiving the transmitted portion from 
the beam splitter , an achromatic lens which receives the 
transmitted portion ofthe light beam directly from the first 
tracker fold mirror to the second tracker fold mirror. 
[0119] Clause 55. The aero-optical disturbance meas- 
urement system of clause 54, wherein the fine tracker 
camerareceives the transmitted portion reflected directly 
from the second tracker fold mirror. 

[0120] Clause 56 The aero-optical disturbance meas- 
urement system of clause 55, further including a filter 
wheel assembly positioned between the second tracker 
fold mirror and the fine tracker camera. 

[0121] Clause 57. The aero-optical disturbance meas- 
urement system of clause 46, further including a gyro 
sensor coupled to the mirror supported by the gimbal so 
as to sense mirror motion, wherein the gyro sensor is 
coupled to communicate movement of the mirror sup- 
ported by the gimbal to the embedded processor. 
[0122] Clause 58. The aero-optical disturbance meas- 
urement system of clause 46, wherein: 


the mirror supported by the gimbal is positioned be- 
hind a window of an aircraft through which the light 
beam from the light emitting source passes; and the 
window is positioned at different locations on the air- 
craft comprising at least one of a side nose barrel; a 
dorsal mid-body, a wing gun location, an electro-op- 
tical targeting system location, a conformal fairing, 
an upper nose barrel and a dorsal behind cockpit. 


[0123] Clause 59. The aero-optical disturbance meas- 
urement system of clause 46, wherein the embedded 
processor is coupled to the gimbal with a control band- 
width of 10 Hz to 100 Hz. 

[0124] Clause 60. The aero-optical disturbance meas- 
urement system of clause 46, wherein the gimbal oper- 
ates with an angular sensing of < 4 microradians in res- 
olution over a field of regard of +/- 45 deg in azimuth and 
elevation, and a maximum angular rate of > 60 deg/sec 
in azimuth and elevation. 

[0125] Clause 61. The aero-optical disturbance meas- 
urement system of clause 46, further including a first 
wavefront sensor fold mirror receiving the reflected por- 
tion directly from the beam splitter and directly reflecting 
the reflected portion to an achromatic pupil relay. 
[0126] Clause 62. The aero-optical disturbance meas- 
urement system of clause 61, further including a wave- 
front sensor comprising a lenslet array positioned to re- 
ceive the reflected portion directly from the achromatic 
pupil relay and focusing the reflected portion to a focal 
plane array camera. 

[0127] Clause 63. The aero-optical disturbance meas- 
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urement system of clause 62, further including: another 
embedded processor coupled to the wavefront sensor 
which collects data from the wavefront sensor and nav- 
igational data generated by an aircraft; and the distur- 
bance measurement system containing the wavefront 
sensor is configured to conformally mount to an aircraft. 
[0128] Clause 64. The aero-optical disturbance meas- 
urement system of clause 62, wherein the array compris- 
es a set of lenslets of at least 16 by 16. 


Claims 


1. An aero-optical disturbance measurement system, 
comprising: 


a mirror (32) supported by a gimbal (34) for re- 
ceiving a light beam from a light emitting source 
and reflecting the light beam emitted from the 
light emitting source to a first periscope fold mir- 
ror (36); a second periscope fold mirror (40) po- 
sitioned to receive the light beam reflected di- 
rectly from the first periscope fold mirror (36); a 
first concave off-axis paraboloid mirror (46) po- 
sitioned to receive the light beam reflected from 
the second periscope fold mirror (40); a first fold 
mirror (48) positioned to receive the light beam 
reflected directly from the first concave off-axis 
paraboloid mirror (46); 

a second fold mirror (50) positioned to receive 
the light beam reflected directly from the first fold 
mirror (48); a second concave off-axis parabo- 
loid mirror (52) positioned to receive the light 
beam reflected directly from the second fold mir- 
ror (50) and reflecting the light beam to a fast 
steering mirror (54); and 

a fine tracker camera (41) coupled to an embed- 
ded processor (39) wherein: 


the fine tracker camera (41) receives a 
transmitted portion of the light beam from 
the fast steering mirror (54); the embedded 
processor (39) is coupled to the fast steering 
mirror (54) such that the embedded proces- 
sor (39) controls movement ofthe fast steer- 
ing mirror (54); and 

the embedded processor (39) is coupled to 
the gimbal (34) and controls the movement 
of the mirror (32) supported by the gimbal 
(34). 


2. The aero-optical disturbance measurement system 
of claim 1, further including a gyro sensor coupled 
to the mirror supported by the gimbal so as to sense 
mirror motion wherein the gyro sensor is coupled to 
communicate movement of the mirror supported by 
the gimbal to the embedded processor: 
the mirror supported by the gimbal is positioned be- 
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hind a window of an aircraft through which the light 
beam from the light emitting source passes; and 
the window is positioned at different locations on the 
aircraft comprising at least one of a side nose barrel; 
a dorsal mid-body, a wing gun location, an electro- 
optical targeting system location, a conformal fairing, 
an upper nose barrel and a dorsal behind cockpit. 


The aero-optical disturbance measurement system 
of claim 1, wherein an angle of incidence of the light 
beam with the first periscope fold mirror is approxi- 
mately 45 degrees. 


The aero-optical disturbance measurement system 
of claim 1, further including a first intermediate mirror 
fold mirror positioned to receive the beam of light 
reflected directly from the second periscope fold mir- 
ror with an angle of incidence of approximately 45 
degrees and reflects the beam directly to a second 
intermediate fold mirror which receives the beam of 
light at approximately 45 degrees of incidence; 

the first concave off-axis paraboloid mirror receives 
the light beam directly reflected from the second in- 
termediate fold mirror; 

wherein a first fold mirror receives the beam of light 
reflected directly from the first concave off-axis pa- 
raboloid mirror and reflects the beam of light directly 
to a second fold mirror; and 

wherein a second concave off-axis paraboloid mirror 
receives the light beam reflected directly from the 
second fold mirror. 


The aero-optical disturbance measurement system 
of claim 1, wherein the fast steering mirror operates 
with an angular stroke length within a range of + 1.5 
degrees and - 1.5 degrees and angular resolution of 
< 2 microradian commanded byte embedded proc- 
essor with a control bandwidth of 100 Hz to 1000 Hz. 


The aero-optical disturbance measurement system 
of claim 1, further including a beam splitter which 
receives the light beam reflected directly from the 
fast steering mirror wherein the beam splitter splits 
the light beam into the transmitted portion and a re- 
flected portion; 

further including a first tracker fold mirror receiving 
the transmitted portion from the beam splitter and an 
achromatic lens receives the transmitted portion of 
the light beam directly from the first tracker fold mirror 
and transmits the transmitted portion to the second 
tracker fold mirror; 

wherein the fine tracker camera receives the trans- 
mitted portion reflected directly from the second 
tracker fold mirror; and 

further including a filter wheel assembly positioned 
between the second tracker fold mirror and the fine 
tracker camera. 
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The aero-optical disturbance measurement system 
of claim 1, wherein the embedded processor is cou- 
pled to the gimbal with a control bandwidth of 10 Hz 
to 100 Hz. 


The aero-optical disturbance measurement system 
of claim 1, wherein the gimbal operates with an an- 
gular sensing of < 4 microradians in resolution over 
a field of regard of +/- 45 deg in azimuth and eleva- 
tion, and a maximum angular rate of > 60 deg/sec 
in azimuth and elevation. 


The aero-optical disturbance measurement system 
of claim 6, further including a first wavefront sensor 
fold mirror receiving the reflected portion directly 
from the beam splitter and directly reflecting the re- 
flected portion to an achromatic pupil relay; 

further including a wavefront sensor comprising a 
lenslet array positioned to receive the reflected por- 
tion directly from the achromatic pupil relay and fo- 
cusing the reflected portion to a focal plane array 
camera; and 

wherein the array comprises a set of lenslets of at 
least one of (a) 16 by 16 or (b) 24 by 24. 


The aero-optical disturbance measurement system 
of claim 9, further including another embedded proc- 
essor coupled to the wavefront sensor which collects 
data from the wavefront sensor and navigational da- 
ta generated by an aircraft in which the disturbance 
measurement system containing the wavefront sen- 
sor is configured to conformally mount to an aircraft. 


The aero-optical disturbance measurement system 
of claim 9, wherein with the aero-optical disturbance 
measurement system configured to conformally 
mount to an aircraft moving at a supersonic speed 
on a flight path with the light beam received by the 
mirror supported by the gimbal in a field of regard 
for the mirror supported by the gimbal, the tracker 
camera receives the transmitted portion of the light 
beam and the wavefront sensor receives the reflect- 
ed portion of the light beam. 


The aero-optical disturbance measurement system 
of claim 11, wherein with the aircraft moving away 
from the flight path, the light beam moves in the field 
of regard of the mirror supported by the gimbal and 
the embedded processor provides control com- 
mands to the gimbal to move the mirror supported 
by the gimbal and the wavefront sensor receives the 
reflected portion; 

wherein with the aircraft moving in a second flight 
path, the wavefront sensor receives the reflected 
portion; and 

wherein with the aircraft moving to the flight path, 
the light beam moves within the field of regard for 
the mirror supported by the gimbal and the gyro sen- 
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sor communicates that move to the embedded proc- 
essor, andthe embedded processor provides control 
commands to the gimbal to move the mirror support- 
ed by the gimbal and the wavefront sensor receives 
data from the reflected portion. 


The aero-optical disturbance measurement system 
of claim 11, 

wherein a gyro sensor coupled to the mirror support- 
ed by the gimbal and to the embedded processor 
conveys information to the embedded processor re- 
garding movement of the mirror supported by the 
gimbal and the embedded processor provides move- 
ment commands to the gimbal to move the mirror 
supported by the gimbal. 


The aero-optical disturbance measurement system 
of claim 11, further including the fine tracker camera 
detects movement of the transmitted portion and the 
embedded processor sends a command to the fast 
steering mirror to move the fast steering mirror. 


Patentansprüche 


1. 


Aerooptisches Störungsmesssystem, umfassend: 


einen Spiegel (32), der von einem Kardanring 
(34) zum Empfangen eines Lichtstrahls von ei- 
ner lichtemittierenden Quelle und zum Reflek- 
tieren des Lichtstrahls, der von der lichtemittie- 
renden Quelle emittiert wird, zu einem ersten 
Periskopumlenkspiegel (36) abgestützt ist; 
einen zweiten Periskopumlenkspiegel (40), der 
positioniert ist, um den Lichtstrahl zu empfan- 
gen, der direkt von dem ersten Periskopumlenk- 
spiegel (36) reflektiert wird; 

einen ersten konkaven außeraxialen Parabolo- 
idspiegel (46), der angeordnet ist, um den Licht- 
strahl zu empfangen, der von dem zweiten Pe- 
riskopumlenkspiegel (40) reflektiert wird; 

einen ersten Umlenkspiegel (48), der angeord- 
net ist, um den Lichtstrahl zu empfangen, der 
von dem ersten konkaven außeraxialen Para- 
boloidspiegel (46) direkt reflektiert wird; 

einen zweiten Umlenkspiegel (50), der angeord- 
net ist, um den Lichtstrahl zu empfangen, der 
von dem ersten Umlenkspiegel (48) direkt re- 
flektiert wird; 

einen zweiten konkaven außeraxialen Parabo- 
loidspiegel (52), der angeordnet ist, um den 
Lichtstrahl zu empfangen, der von dem zweiten 
Umlenkspiegel (50) direkt reflektiert wird, und 
den Lichtstrahl zu einem Schnellsteuerungs- 
spiegel (54) reflektiert; und 

eine Feintracker-Kamera (41), die mit einem 
eingebetteten Prozessor (39) gekoppelt ist, wo- 
bei: 
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die Feintracker-Kamera (41) einen übertra- 
genen Teil des Lichtstrahls von dem 
Schnellsteuerungsspiegel (54) empfängt; 
der eingebettete Prozessor (39) mit dem 
Schnellsteuerungsspiegel (54) gekoppelt 
ist, sodass der eingebettete Prozessor (39) 
die Bewegung des Schnellsteuerungsspie- 
gels (54) steuert; und 

wobei der eingebettete Prozessor (39) mit 
dem Kardanring (34) gekoppelt ist und die 
Bewegung des Spiegels (32) steuert, der 
von dem Kardanring (34) abgestützt wird. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, ferner aufweisend einen Gyrosensor, der 
mit dem Spiegel gekoppelt ist, der von dem Kardan- 
ring abgestützt wird, um die Spiegelbewegung zu 
erfassen, wobei der Gyrosensor gekoppelt ist, um 
eine Bewegung des Spiegels, der von dem Kardan- 
ring abgestützt wird, an den eingebetteten Prozes- 
sor zu kommunizieren; 

wobei der Spiegel, der von dem Kardanring abge- 
stützt wird, hinter einem Fenster eines Flugzeugs 
angeordnet ist, durch das der Lichtstrahl aus der lich- 
temittiernden Quelle geht; und 

das Fenster an unterschiedlichen Stellen auf dem 
Flugzeug angeordnet ist, das mindestens eines von 
einem seitlichen Nasenzylinder; einem dorsalen Mit- 
telkörper, einer Wing-Gun-Lage, elektrooptischen 
Targeting-Systemstelle, einer Anschmiegverklei- 
dung, einem oberen Nasenzylinder und einem Rück- 
enteil hinter dem Cockpit umfasst. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, wobei ein Einfallswinkel des Lichtstrahls 
mit dem ersten Periskopumlenkspiegel etwa 45 
Grad beträgt. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, ferner aufweisend einen ersten Zwischen- 
spiegel-Umlenkspiegel, der so angeordnet ist, dass 
er den Lichtstrahl empfängt, der direkt von dem zwei- 
ten Periskopumlenkspiegel mit einem Einfallswinkel 
von etwa 45 Grad reflektiert wird, und den Strahl 
direkt zu einem zweiten Zwischenumlenkspiegel zu 
reflektieren, der den Lichtstrahl bei etwa 45 Grad 
Einfall empfängt; 

wobei der erste konkave außeraxiale Paraboloid- 
spiegel den Lichtstrahl empfängt, der direktvon dem 
zweiten Zwischenumlenkspiegel reflektiert wird; 
wobei ein erster Umlenkspiegel den Lichtstrahl emp- 
fängt, der direkt von dem ersten konkaven außera- 
xialen Paraboloidspiegel reflektiert wird, und den 
Lichtstrahl direkt zu einem zweiten Umlenkspiegel 
reflektiert; und 

wobei ein zweiter konkaver außeraxialer Parabolo- 
idspiegel den Lichtstrahl empfängt, der direkt von 
dem zweiten Umlenkspiegel reflektiert wird. 
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Aerooptisches Stórungsmesssystem nach An- 
spruch 1, wobei der Schnellsteuerungsspiegel mit 
einer Winkelhublänge innerhalb eines Bereichs von 
+1,5 Grad und -1,5 Grad und einer Winkelauflösung 
von < 2 Mikroradiant, die von dem byteeingebette- 
tem Prozessor angewiesen wird, mit einer Steuer- 
bandbreite von 100 Hz bis 1000 Hz arbeitet. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, ferner aufweisend einen Strahlteiler, der 
den Lichtstrahl empfängt, der direkt von dem 
Schnellsteuerungsspiegel reflektiert wird, wobei der 
Strahlteiler den Lichtstrahl in den übertragenen Teil 
und einen reflektierten Teil aufteilt; 

ferner aufweisend einen ersten Tracker-Umlenk- 
spiegel, der den übertragenen Teil von dem 
Strahlteiler empfängt, und eine achromatische Lin- 
se, die den übertragenen Teil des Lichtstrahls direkt 
von dem ersten Tracker-Umlenkspiegel empfängt 
den übertragenen Teil zu dem zweiten Tracker-Um- 
lenkspiegel überträgt; 

wobei die Feintracker-Kamera den übertragenen 
Teil empfängt, der direkt von dem zweiten Tracker- 
Umlenkspiegel reflektiert wird; und 

ferner aufweisend eine Filterradanordnung, die zwi- 
schen dem zweiten Tracker-Umlenkspiegel und der 
Feintracker-Kamera angeordnet ist. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, wobei der eingebettete Prozessor mit dem 
Kardanring mit einer Steuerbandbreite von 10 Hz bis 
100 Hz gekoppelt ist. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 1, wobei der Kardanring mit einer Winkeler- 
fassung von < 4 Mikroradiant in einer Auflösung über 
ein Betrachtungsfeld von +/- 45 Grad in Azimut und 
Elevation und einer maximalen Winkelgeschwindig- 
keit von > 60 Grad/Sek in Azimut und Elevation ar- 
beitet. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 6, dasferner einen ersten Wellenfrontsensor- 
Umlenkspiegel aufweist, der den reflektierten Teil di- 
rekt von dem Strahlteiler empfängt und den reflek- 
tierten Teil direkt zu einem achromatischen Pupil- 
lenrelais reflektiert; 

ferner aufweisend einen Wellenfrontsensor, der eine 
Linsenanordnung umfasst, die so angeordnet ist, 
dass sie den reflektierten Teil direkt von dem achro- 
matischen Pupillenrelais empfängt und den reflek- 
tierten Teil auf eine Brennebenen-Array-Kamera fo- 
kussiert; und 

wobei das Array einen Satz kleiner Linsenelemente 
von mindestens einem von (a) 16 x 16 oder (b) 24 x 
24 umfasst. 


10. Aerooptisches Stórungsmesssystem nach An- 
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spruch 9, ferner aufweisend einen weiteren einge- 
betteten Prozessor, der mit dem Wellenfrontsensor 
gekoppelt ist, der Daten von dem Wellenfrontsensor 
und Navigationsdaten, die von einem Flugzeug er- 
zeugt werden, in dem das Störungsmesssystem, 
das den Wellenfrontsensor enthält, konfiguriert ist, 
um an einem Flugzeug angeschmiegt installiert zu 
werden, sammelt. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 9, wobei das aerooptische Störungsmess- 
system so konfiguriert ist, dass es an einem Flug- 
zeug angeschmiegt installiert werden kann, das sich 
mit einer Überschallgeschwindigkeit auf einer Flug- 
bahn bewegt, bei welcher der Lichtstrahl, der von 
dem Spiegel, der von dem Kardanring abgestützt 
wird, in einem Betrachtungsfeld für den Spiegel, der 
von dem Kardanring abgestützt wird, empfangen 
wird, wobei die Tracker-Kamera den übertragenen 
Teil des Lichtstrahls empfängt und der Wellenfront- 
sensor den reflektierten Teil des Lichtstrahls emp- 
fängt. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 11, wobei sich das Flugzeug weg von der 
Flugbahn bewegt, der Lichtstrahl sich in dem Be- 
trachtungsfeld des Spiegels bewegt, der durch den 
Kardanring abgestützt wird, und der eingebettete 
Prozessor Steuerbefehle an den Kardanring bereit- 
stellt, um den Spiegel, der durch den Kardanring ab- 
gestützt wird, zu bewegen, und der Wellenfrontsen- 
sor den reflektierten Teil empfängt; 

wobei, wenn sich das Flugzeug in einer zweiten 
Flugbahn bewegt, der Wellenfrontsensor den reflek- 
tierten Teil empfängt; und 

wobei, wenn sich das Flugzeug zu der Flugbahn be- 
wegt, sich der Lichtstrahl innerhalb des Betrach- 
tungsfelds für den Spiegel bewegt, der durch den 
Kardanring abgestützt wird, und der Gyrosensor die- 
se Bewegung an den eingebetteten Prozessor kom- 
muniziert und der eingebettete Prozessor Steuerbe- 
fehle an den Kardanring bereitstellt, um den Spiegel, 
der durch den Kardanring abgestützt wird, zu bewe- 
gen, und der Wellenfrontsensor Daten von dem re- 
flektierten Abschnitt empfängt. 


Aerooptisches Stórungsmesssystem nach An- 
spruch 11, wobei ein Gyrosensor, der mit dem Spie- 
gel, der durch den Kardanring abgestützt wird, und 
mit dem eingebetteten Prozessor gekoppelt ist, In- 
formationen zum eingebetteten Prozessor bezüglich 
der Bewegung des Spiegels befördert, derdurch den 
Kardanring abgestützt wird, und der eingebettete 
Prozessor Bewegungsbefehle an den Kardanring 
bereitstellt, um den Spiegel, der durch den Kardan- 
ring abgestützt wird, zu bewegen. 


Aerooptisches Stórungsmesssystem nach An- 
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spruch 11, ferner aufweisend die Feintracker-Kame- 
ra, die eine Bewegung des übertragenen Teils er- 
fasst, wobei der eingebettete Prozessor einen Be- 
fehl an den Schnellsteuerungsspiegel zum Bewegen 
des Schnellsteuerungsspiegels sendet. 


Revendications 


Système de mesure de perturbation aéro-optique, 
comprenant : 


un miroir (32) supporté par un cardan (34) pour 
recevoir un faisceau de lumière en provenance 
d'une source d'émission de lumière et réfléchir 
le faisceau de lumière émis par la source d'émis- 
sion de lumière sur un premier miroir de renvoi 
de périscope (36) ; 

un second miroir de renvoi de périscope (40) 
positionné pour recevoir le faisceau de lumière 
réfléchi directement par le premier miroir de ren- 
voi de périscope (36) ; 

un premier miroir parabolique excentré concave 
(46) positionné pour recevoir le faisceau de lu- 
mière réfléchi par le second miroir de renvoi de 
périscope (40) ; 

un premier miroir de renvoi (48) positionné pour 
recevoir le faisceau de lumière réfléchi directe- 
ment par le premier miroir parabolique excentré 
concave (46) ; 

un second miroir de renvoi (50) positionné pour 
recevoir le faisceau de lumière réfléchi directe- 
ment par le premier miroir de renvoi (48) ; 

un second miroir parabolique excentré concave 
(52) positionné pour recevoir le faisceau de lu- 
mière réfléchi directement par le second miroir 
de renvoi (50) et réfléchissant le faisceau de lu- 
mière sur un miroir de direction rapide (54) ; et 
une caméra de poursuite fine (41) couplée à un 
processeur intégré (39), dans lequel : 


la caméra de poursuite fine (41) reçoit une 
portion transmise du faisceau de lumière en 
provenance du miroir de direction rapide 
(54) ; 

le processeur intégré (39) est couplé au mi- 
roir de direction rapide (54) de sorte que le 
processeur intégré (39) commande un dé- 
placement du miroir de direction rapide 
(54) ; et 

le processeur intégré (39) est couplé au car- 
dan (34) et commande le déplacement du 
miroir (32) supporté par le cardan (34). 


Système de mesure de perturbation aéro-optique 
selonlarevendication 1, comportant en outre un cap- 
teur gyroscopique couplé au miroir supporté par le 
cardan de façon à détecter un mouvement de miroir 
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dans lequel le capteur gyroscopique est couplé pour 
communiquer un déplacement du miroir supporté 
par le cardan au processeur intégré ; 

le miroir supporté par le cardan est disposé derrière 
une fenêtre d’un aéronef à travers laquelle passe le 
faisceau de lumière provenant de la source d'émis- 
sion de lumière ; et 

la fenêtre est positionnée à des emplacements dif- 
férents sur l’aéronef comprenant au moins l’un parmi 
un tronçon de nez latéral ; un corps médian de dor- 
sale, un emplacement de mitrailleuse sur aile, un 
emplacement de système de ciblage électro-opti- 
que, un carénage conforme, un tronçon de nez su- 
périeur et un poste de pilotage derrière la dorsale. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, dans lequel un angle d’in- 
cidence du faisceau de lumière avec le premier mi- 
roir de renvoi de périscope est d’approximativement 
45 degrés. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, comportant en outre un pre- 
mier miroir de renvoi de miroir intermédiaire posi- 
tionné pour recevoir le faisceau de lumière réfléchi 
directement par le second miroir de renvoi de péris- 
cope avec un angle d'incidence d’approximative- 
ment 45 degrés et qui réfléchit le faisceau directe- 
ment sur un second miroir de renvoi intermédiaire 
qui reçoit le faisceau de lumière à approximative- 
ment 45 degrés d'incidence ; 

le premier miroir parabolique excentré concave re- 
çoit le faisceau de lumière réfléchi directement par 
le second miroir de renvoi intermédiaire ; 

dans lequel un premier miroir de renvoi reçoit le fais- 
ceau de lumière réfléchi directement par le premier 
miroir parabolique excentré concave et réfléchit le 
faisceau de lumière directement sur un second miroir 
de renvoi ; et 

dans lequel un second miroir parabolique excentré 
concave reçoit le faisceau de lumière réfléchi direc- 
tement par le second miroir de renvoi. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, dans lequel le miroir de di- 
rection rapide fonctionne avec une longueur de cour- 
se angulaire dans une plage de +1,5 degré à -1,5 
degré et une résolution angulaire de < 2 microra- 
dians de processeur intégré à octet commandé avec 
une largeur de bande de commande de 100 Hz à 
1000 Hz. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, comportant en outre un sé- 
parateur de faisceau qui reçoit le faisceau de lumière 
réfléchi directement par le miroir de direction rapide 
dans lequel le séparateur de faisceau sépare le fais- 
ceau de lumière en la portion transmise et une por- 
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tion réfléchie ; 

comportant en outre un premier miroir de renvoi de 
poursuite recevant la portion transmise en prove- 
nance du séparateur de faisceau et une lentille 
achromatique reçoit la portion transmise du faisceau 
de lumière directement en provenance du premier 
miroir de renvoi de poursuite et transmet la portion 
transmise au second miroir de renvoi de poursuite ; 
dans lequel la caméra de poursuite fine reçoit la por- 
tion transmise réfléchie directement par le second 
miroir de renvoi de poursuite ; et 

comportant en outre un ensemble de roues porte- 
filtres positionné entre le second miroir de renvoi de 
poursuite et la caméra de poursuite fine. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, dans lequel le processeur 
intégré est couplé au cardan avec une largeur de 
bande de commande de 10 Hz à 100 Hz. 


Système de mesure de perturbation aéro-optique 
selon la revendication 1, dans lequel le cardan fonc- 
tionne avec une détection angulaire de < 4 microra- 
dians en résolution sur un champ de vision de +/- 45 
deg en azimut et altitude, et une vitesse angulaire 
maximale de > 60 deg/s en azimut et altitude. 


Systéme de mesure de perturbation aéro-optique 
selon la revendication 6, comportant en outre un pre- 
mier miroir de renvoi de capteur de front d'onde re- 
cevant la portion réfléchie directement en provenan- 
ce du séparateur de faisceau et réfléchissant direc- 
tement la portion réfléchie sur un relais de pupille 
achromatique ; 

comportant en outre un capteur de frontd'onde com- 
prenant un réseau de microlentilles positionné pour 
recevoir la portion réfléchie directement en prove- 
nance du relais de pupille achromatique et focalisant 
la portion réfléchie sur une caméra á réseau plan 
focal ; et 

dans lequel le réseau comprend un ensemble de 
microlentilles d'au moins l’un de (a) 16 par 16 ou de 
(b) 24 par 24. 


Systéme de mesure de perturbation aéro-optique 
selon la revendication 9, comportant en outre un 
autre processeur intégré couplé au capteur de front 
d'onde qui recueille des données en provenance du 
capteur de front d'onde et des données de navigation 
générées par un aéronef dans lequel le systeme de 
mesure de perturbation contenantle capteur de front 
d'onde est configuré pour un montage conforme sur 
un aéronef. 


Systéme de mesure de perturbation aéro-optique 
selon la revendication 9, dans lequel, avec le syste- 
me de mesure de perturbation aéro-optique confi- 
guré pour un montage conforme sur un aéronef se 
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déplacant á une vitesse supersonique sur une tra- 
jectoire de vol avec le faisceau de lumiére recu par 
le miroir supporté par le cardan dans un champ de 
vision pour le miroir supporté par le cardan, la ca- 
méra de poursuite recoit la portion transmise du fais- 
ceau de lumiére et le capteur de front d'onde recoi- 
vent la portion réfléchie du faisceau de lumiére. 


Systeme de mesure de perturbation aéro-optique 
selon la revendication 11, dans lequel, avecl'aéronef 
s'éloignant de la trajectoire de vol, le faisceau de 
lumiére se déplace dans le champ de vision du miroir 
supporté par le cardan et le processeur intégré four- 
nissent des ordres de commande au cardan pour 
déplacer le miroir supporté parle cardan etle capteur 
de front d'onde recoit la portion réfléchie ; 

dans lequel, avec l'aéronef se déplacant dans une 
seconde trajectoire de vol, le capteur de front d'onde 
recoit la portion réfléchie ; et 

dans lequel, avec l'aéronef se déplacant vers la tra- 
jectoire de vol, le faisceau de lumiére se déplace au 
sein du champ de vision pour le miroir supporté par 
le cardan et le capteur gyroscopique communique 
ce mouvement au processeur intégré, et le proces- 
seur intégré fournit des ordres de commande au car- 
dan pour déplacer le miroir supporté par le cardan 
et le capteur de front d'onde recoit des données en 
provenance de la portion réfléchie. 


Systeme de mesure de perturbation aéro-optique 
selon la revendication 11, dans lequel un capteur 
gyroscopique couplé au miroir supporté par le car- 
dan etau processeur intégré achemine des informa- 
tions au processeur intégré concernant un déplace- 
ment du miroir supporté par le cardan et le proces- 
seur intégré fournissent des ordres de déplacement 
au cardan pour déplacer le miroir supporté par le 
cardan. 


Systeme de mesure de perturbation aéro-optique 
selon la revendication 11, comportant en outre le fait 
que la caméra de poursuite fine détecte un déplace- 
ment de la portion transmise et que le processeur 
intégré envoie un ordre au miroir de direction rapide 
pour déplacer le miroir de direction rapide. 
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